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H[WHQWE\WXQLQJWKHLUUDGLDWLRQFRQGLWLRQV)RUVXUIDFHWUHDWPHQWWKHWHFKQLTXHKDVEHHQHPSOR\HGZLWKVXFFHVVLQ
YDULRXV ILHOGV RI DSSOLFDWLRQ LQFOXGLQJ VXUJHU\ VHH &KXQJ DQG 0D]XU  ELRORJ\ 'XPDV HW DO 
WULERORJ\0RXULHUHWDOZHWWDELOLW\%L]L%DQGRNLFRORUPDUNLQJ'XVVHUHWDORUPDWHULDO
DEODWLRQDQGFXWWLQJVHH0DXFODLUHWDO
7KHUHTXLUHPHQWVWRUHDFKDKLJKSURFHVVLQJVSHHGZLWKDPLQLPXPGHWHULRUDWLRQRIWKHPDWHULDOLQWKHSUR[LPLW\
RIWKHDEODWLRQUHJLRQUHPDLQDFKDOOHQJH,QGHHGWKHWUHQGRIQRZDGD\VXOWUDIDVWODVHUVRXUFHGHYHORSPHQWVDLPVDW
LQFUHDVLQJ WKH DYHUDJH SRZHU PRVWO\ WKURXJK DQ LQFUHDVH RI  WKH UHSHWLWLRQ UDWH 0DQV HW DO  $W KLJK
HQHUJHWLF UHJLPHV DQGRU DW KLJK UHSHWLWLRQ UDWH WKH 
SXUH DEODWLRQ
 EHQHILWV RI XOWUDIDVW SXOVHV GLVDSSHDU DV WKH
LQWHUDFWLRQLVPRUHOLNHO\WRLQYROYHQRQFRQWUROOHGVLGHHIIHFWVLQWKHDEODWHGUHJLRQ$ZHOONQRZQVROXWLRQWRWKH
QHHG RI LQFUHDVHG PDFKLQLQJ VSHHGV LV WKH SDUDOOHOL]DWLRQ RI WKH SURFHVV %HDP VKDSLQJ PHWKRGV KDYH EHHQ
GHYHORSHGVHH6DQQHUHWDO0DXFODLUHWDO&DPSEHOOHWDODQG+D\DVDNLHWDOEDVHG
RQ DPSOLWXGH DQGRU SKDVHPRGXODWLRQ XVLQJ D VSDWLDOPRGXODWRU 7KH WHFKQLTXH DOORZV IRUPXOWLSOLFDWLRQ RI WKH
PDFKLQLQJ ODVHU IRFXV LQWR VHYHUDO VSRWV HQDEOLQJ SDUDOOHOPDFKLQLQJ 7KLV SDUDOOHOL]DWLRQ RI WKH SURFHVV KDV WKH
DGYDQWDJH RI UHGXFLQJ WKH SURFHVVLQJ WLPH E\ D IDFWRU HTXDO RU FORVH WR WKH QXPEHU RI SURFHVVLQJ IRFL 6XUIDFH
PLFURVWUXFWXULQJXVLQJVXFKDWHFKQLTXHUHTXLUHVDZHOOFRQWUROOHGLQWHQVLW\OHYHOIRUHDFKRIWKHODVHUSURFHVVLQJ
VSRW5HVHDUFKHIIRUWLQKRPRJHQL]LQJDQGRUFRQWUROOLQJWKHLQWHQVLW\OHYHOVRIDQDUUD\RIXOWUDIDVWODVHUVSRWVKDYH
UHSRUWHG LQ WKH FDVHRI VXUIDFHPDUNLQJ VHH6LOYHQQRLQHQHW DO  DQG FXWWLQJ VHH0DXFODLU HW DO 
+HUHZH UHSRUW RQ DQ RSWLPL]DWLRQ RI D OLQH RI ODVHU VSRWV WRPDFKLQH D QHWZRUN RIPLFURGLPSOHVZLWK D KLJK
XQLIRUPLW\YDULDWLRQVLQGLDPHWHUDQGGHSWKDFKLHYHGRQVWDLQOHVVVWHHOODQG'&/GLDPRQGOLNHFDUERQ
VDPSOHV7KLVQHWZRUN LV D W\SLFDO VXUIDFHPLFURVWUXFWXULQJ DLPLQJ DW WKH UHGXFWLRQRI IULFWLRQ FRHIILFLHQW DVZH
KDYH SUHYLRXVO\ VKRZQ VHH0RXULHU HW DO 7KH VXUIDFHV DUH FKDUDFWHUL]HG XVLQJ EULJKWILHOG DQG FRQIRFDO
RSWLFDOPLFURVFRS\
)LJ([SHULPHQWDOVHWXSIRUDVDPSOHLUUDGLDWLRQDQGEDQDO\VLVRIWKHEHDPVKDSLQJ'9/'LYHUJLQJ/HQV&9/&RQYHUJLQJ/HQV6/0
6SDWLDO/LJKW0RGXODWRU00LUURU6+6FDQQLQJ+HDG020LFURVFRSH2EMHFWLYH')2SWLFDO'HQVLW\)LOWHU
5HVXOWVDQGGLVFXVVLRQ
7KHH[SHULPHQWDOLQWHQVLW\GLVWULEXWLRQVIRUGLIIHUHQWEHDPVKDSLQJFRQGLWLRQVDWWKHIRFDOSODQHRIWKHPPI
WKHWD OHQV DUH GHSLFWHG RQ )LJ  7KUHH GLIIHUHQW FDVHV DUH VKRZQ /LQHDUUD\V RI   DQG  ODVHU VSRWV ZHUH
DFKLHYHGVHHUHVSHFWLYHO\)LJ$)LJEDQG)LJF7KHSHDNLQWHQVLW\OHYHOVKDYHDXQLIRUPLW\EHORZLQDOO
FDVHV ,W LVKRZHYHUSRVVLEOH WRGLVWLQJXLVKDVOLJKWHUGURSRIXQLIRUPLW\ LQ WKHFDVHVRI WKHDQGVSRWVDUUD\
HVSHFLDOO\ORRNLQJDWWKHVKDSHRIWKHVSRWVZKLFKLVOHVVFLUFXODUWKDQWKHVSRWFDVH,QSUDFWLFHWKHVHLUUHJXODULWLHV
DUHWUDQVIHUUHGGXULQJWKHPDFKLQLQJRQWKHVXUIDFH*HQHUDOO\WKLVLVQRWDSUREOHPIRUVXUIDFHPDUNLQJ+RZHYHU
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IRUWKHJHQHUDWLRQRIDUHJXODUQHWZRUNRIPLFURGLPSOHVWKLVLPSOLHVDORZHUFRQWURORIWKHPLFURGLPSOHV\PPHWU\
DQG WKLV KDV WR EH DYRLGHG HVSHFLDOO\ IRU DSSOLFDWLRQV ZKHUH WKH ODVHUWUHDWHG VXUIDFH ZLOO XQGHUJR FRQWDFWV DQG
IULFWLRQV ,Q WKLV FDVHV HYHQ D VOLJKW LUUHJXODULW\ PD\ EHFRPH DQ RYHUZKHOPLQJ SUREOHP GXULQJ WKH ZRUNSLHFH
OLIHWLPH )RU WKLV UHDVRQ DQG DOVR EHFDXVH RI HQHUJHWLF OLPLWDWLRQV RI WKH ODVHU VRXUFH WKH IROORZLQJ VXUIDFH
PDFKLQLQJUHVXOWVZHUHREWDLQHGXVLQJVSRWVXQOHVVPHQWLRQHGRWKHUZLVH7KHUHWKHVSRWGLDPHWHULQHLVP
:HDOVRKDYHWRPHQWLRQKHUHWKDWDSURSHUXVHRIWKH,)7$DOJRULWKPLVUHTXLUHG$VDUHFDOO WKH,)7$VWDUWV
ZLWK D SKDVH PRGXODWLRQ LQ WKH 6/0 SODQH RU REMHFW SODQH WKDW FDQ EH XQLIRUPO\ IODW RU UDQGRP :H KDYH
H[SHULPHQWDOO\IRXQGWKDWDUDQGRPSKDVHPDVNDWWKHVWDUW\LHOGVEHWWHUUHVXOWVIRUDQKRPRJHQHRXVVSRWDUUD\HYHQ
WKRXJK D IHZ 
WULHV
 XS WR  RQ WKH RSWLPL]DWLRQ ORRS HDFK RQH ODVWLQJ D IHZ VHFRQGV PD\ EH QHFHVVDU\
HVSHFLDOO\IRUDKLJKHUQXPEHURIGHVLUHGVSRWV7KLVLVGXHWRWKHDEHUUDWLRQVRQWKHZKROHRSWLFDOSDWKHQFRXQWHUHG
E\WKHODVHUEHDP5HVHDUFKHUVKDYHVKRZQWKDWWKHVHDGMXVWPHQWVFDQEHDXWRPDWL]HGZLWKPRUHFRPSOLFDWHGVHW
XSVIHHGEDFNORRSRQWKHLQWHQVLW\GLVWULEXWLRQRURQWKHZDYHIURQWDEHUUDWLRQVHH6LOYHQQRLQHQHWDODQG
+DQHWDO:HGLGQRWHPSOR\WKHVHWHFKQLTXHVWRNHHSDVWUDLJKWIRUZDUGH[SHULPHQWDODSSDUDWXV0RUHRYHU
ZHKDYHH[SHULPHQWDOO\REVHUYHGDKLJK UHSHDWDELOLW\RI WKHSHUIRUPDQFHRI WKHSKDVHPDVNV IRXQGE\ WKH ,)7$
WKURXJKRXWVHYHUDOZHHNV
)LJ([SHULPHQWDOLQWHQVLW\GLVWULEXWLRQREVHUYHGZLWKWKH&&'VHQVRULQWKHFDVHRIDEDQGFODVHUVSRWVEHDPVKDSLQJ

,QRUGHUWRDFKLHYHDQKH[DJRQDOQHWZRUNRIPLFURGLPSOHVDVXVHGLQDSSOLFDWLRQVLQWULERORJ\WKHVSRWDUUD\KDV
EHHQWUDQVODWHGDORQJDGLUHFWLRQZLWKDQDQJOHRIZLWKUHVSHFWWRWKHOLQHIRUPHGE\WKHDUUD\DVLOOXVWUDWHGLQ
)LJD%ULJKWILHOGPLFURVFRS\SLFWXUHVRI'/&DQGVWDLQOHVVVWHHOVXUIDFHVDUHSUHVHQWHGUHVSHFWLYHO\LQ)LJE
DQGF7KHGLPSOHVRQ'/&ZHUHREWDLQHGXVLQJWKHVSRWDUUD\GHSLFWHGLQ)LJDDQGWKRVHRQVWDLQOHVVVWHHO
ZHUHREWDLQHGXVLQJWKHVSRWDUUD\IRXQGLQ)LJF)RUWKHVSRWFDVHWKHODVHUUHSHWLWLRQUDWHZDVVHWN+]
DWDQDYHUDJHSRZHURI:7KHSRZHUZDVPHDVXUHGDIWHUWKHVFDQQLQJKHDG7KLV\LHOGVDQHQHUJ\RI-IRU
WKHWRWDOSURFHVVLQJODVHUVSRWV)RUWKHVSRWDUUD\WKHVDPHHQHUJHWLFFRQGLWLRQVZHUHHPSOR\HGIRUHDFKVSRWLH
DKLJKHUDYHUDJHSRZHURI:$KLJKHUQXPEHURIVSRWVZDVHPSOR\HGLQWKHFDVHRIVWDLQOHVVVWHHOWRYHULI\WKH
SRVVLELOLW\WRLQFUHDVHWKHSURFHVVLQJVSHHG+RZHYHUZHGLGQRWFRQGXFWPHDVXUPHQWVRIWKHODVHULQGXFHGPLFUR
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GLPSOHV GXH WR WKH SRRU SROLVKLQJ TXDOLW\ RI WKH VWHHO VXUIDFH VHH )LJF 7KH WRWDO ORVVHV RIZKROH WKH RSWLFDO
V\VWHPWHOHVFRSHPLUURUV6/0VFDQQLQJKHDGIWKHWDOHQVIURPWKHODVHURXWSXWXQWLOWKHZRUNSLHFHZHUHEHORZ
:HPHQWLRQ KHUH WKDW LW ZDV QRW QHFHVVDU\ WR KLGH WKHZHOONQRZQ 
]HUR RUGHU
 WKDW LV RIWHQPHW LQ EHDP
VKDSLQJZLWKSL[HODWHG6/0VHH/LDQJHWDO,QGHHGWKHWDUJHWVSRWDUUD\ZDVGHVLJQHGVRWKDWRQHRIWKH
VSRWVFRUUHVSRQGHGWRWKHSRVLWLRQRIWKHQRQGLIIUDFWHGRUGHUZKRVHSRVLWLRQLVUHDGLO\REVHUYDEOHZLWKDIODWSKDVH
PRGXODWLRQPDVNDSSOLHGWRWKH6/0
)LJD6FKHPHRIVXUIDFHVWUXFWXULQJWRJHQHUDWHDQXQLIRUPQHWZRUNRIPLFURGLPSOHVREVHUYHGE\RSWLFDOPLFURVFRS\RQE'/&DQGF
VWDLQOHVVVWHHO
)LJ6XUIDFHWRSRORJ\RIWKH'/&VDPSOHDIWHUPLFURVWUXFWXULQJXVLQJWKHVSRWDUUD\VHH)LJD7KH=VFDOHLVLQPLFURPHWHUV
7KHVXUIDFHRI WKH'/&VDPSOHKDVEHHQFKDUDFWHUL]HGXVLQJDFRQIRFDOSUREH7KHVXUIDFHWRSRORJ\H[WUDFWHG
IURP WKLV DQDO\VLV LV GHSLFWHG RQ )LJ  3ROLVKLQJ VFUDWFKHV FDQ EH VHHQ WKHUH KRZHYHU WKHUH LQIOXHQFH RQ WKH
VXUIDFHSURFHVVLQJPRUHVSHFLILFDOO\RIWKHDPRXQWRIDEODWHGPDWHULDOLVYHU\ORZDQGFDQQHJOHFWHGKHUH
$VWXG\RIWKHGLPSOHGHSWKVDQGGLDPHWHUVKDVEHHQFRQGXFWHGWRHYDOXDWHWKHKRPRJHQHLW\RIWKHVXUIDFHDIWHU
ODVHUSURFHVVLQJ$QH[DPSOHRI WKHGLPSOHVGHSWKDQGGLDPHWHUPHDVXUHPHQWVDUHVKRZQUHVSHFWLYHO\ LQ)LJE
DQG)LJFRQDFURVV VHFWLRQRI WKH VXUIDFHVKRZQ LQ)LJD7KHPHDQGLPSOHGLDPHWHU LVPDQG WKHPHDQ
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GHSWK LV P ,W KDV EHHQ REVHUYHG D YHU\ JRRG XQLIRUPLW\ RI WKHPLFURGLPSOHV QHWZRUNZLWK YDULDWLRQV RI
GHSWKDQGGLDPHWHUEHORZDFURVVWKHVDPSOHVXUIDFHDGLVNRIFPGLDPHWHU
)LJ([DPSOHWRSRORJ\PHDVXUHPHQWVRIWKHVXUIDFHDIWHUODVHUSURFHVVLQJRQDFURVVVHFWLRQRIWKHVXUIDFHVKRZQLQDE$YHUDJHGHSWKDWWKH
ERWWRPRIWKHGLPSOHVF'LDPHWHUPHDVXUHPHQWV
&RQFOXVLRQ
:HKDYHUHSRUWHGRQ WKHVXUIDFHSURFHVVLQJRI'/&DQGVWDLQOHVVVWHHO VXUIDFHVZLWK IHPWRVHFRQGSXOVHV7KH
ODVHUEHDPZDVVSDWLDOO\VKDSHGXVLQJDZDYHIURQWPRGXODWRU$QDUUD\RI1 DQGDOLJQHG ODVHUVSRWVKDV
EHHQIRUPHGLQWKHIRFDOSURFHVVLQJSODQHRIDOHQV7KHH[SHULPHQWDOLQWHQVLW\GLVWULEXWLRQZDVLPDJHGRQD&&'
VHQVRUVKRZLQJDJRRGXQLIRUPLW\RIWKHSHDNLQWHQVLW\RIHDFKVSRW%\WUDQVODWLQJWKHVSRWDUUD\ZLWKDDQJOH
ZLWKUHVSHFWWRWKHVSRWOLQHDQKH[DJRQDOQHWZRUNRIPLFURGLPSOHVLVDFKLHYHGRQWKHVXUIDFHRI'/&DQGVWDLQOHVV
VWHHOVDPSOHV7KHJDLQLQPDFKLQLQJWLPHFRPSDUHGWRVLQJOHVSRWPDFKLQLQJLVVLPSO\1$IWHUODVHUSURFHVVLQJ
WKHPLFURPDFKLQHGVXUIDFHVZHUHDQDO\]HGXVLQJDFRQIRFDOPLFURVFRSH7KHPLFURGLPSOHVKDYHDPPHDQ
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